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Abstract
Zooplankton samples collected from throughout Lake Mead, in
1981-1982, demonstrate the presence of a statistically significant
seasonal and spatial heterogeneity in zooplankton densities.
Seasonally, the major zooplankton groups were most abundant in the
spring and f a l l , coincident with maxima in chlorophyIl-a
concentrations. Successions among the various rotifers, cladocerans
and copepods present in the reservoir were influenced by food
availability, diapause, predation by planktivorous fish and, possibly,
water temperatures.
Spatial heterogeneity in zooplankton densities was unrelated to
water temperature, pH, conductivity and dissolved oxygen
concentrations, but was related to the abundance of phytoplankton
(chlorophy!l-a concentrations) and fish. Statisical analyses indicate
that a direct relationship between phytoplankton and zooplankton
standing crops exists in Lake Mead. This relationship is clearly
evident in the coincidence of seasonal and spatial maxima of
chlorophyll-a concentrations and zooplankton densities.
Comparison of the results of this study with other studies on
Lake Mead zooplankton indicate that since 1971, the density of
zooplankton in limnetic areas has declined by over 90$. This decline
parallels decreases in chlorophyll-a concentrations which have
occurred during this same period.
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AcknowIedgements
I would like to thank my thesis advisor, Larry Paulson, for both
financial and moral support during the course of this study. Larry and
the other members of my thesis committee, Peter Starkweather and Jim
Deacon, supplied numerous suggestions and insights for which I am.
deeply indebted. In this regard, I would also like to thank Tom
LaPoint who served on my thesis committee for one semester. Thanks
also are due Mick Reese, Jamie Meyer and Pat Sollberger for aid in the
fiel d and to Bernardo de Seechi for inventing the Seechi disk. Most
importantly, I would like to thank my wife, Connie, and our children
for their love and support during the course of this study.
xli
INTRODUCTION
Studies by Burke (1977), Everett (1972), Everett et a I. (1976),
Paulson et al . (1980) and Paulson and Baker (1983) have demonstrated
The presence of a considerable seasonal and spatial heterogeneity In
the abundance and the composition of the Lake Mead zooplankton
community; such heterogeneity is considered to be characteristic of
limnetic zooplankton communities (Hutchinson 1967). Contemporary
literature recognizes a diversity of causes for seasonal heterogeneity
in zooplankton abundances and, especially, composition (I.e., seasonal
successions). However, this seasonal heterogenity is primarily viewed
as a consequence of Interspecific competition and selective predation.
Freshwater zooplankton commumities are usually dominated by one or a
few species of rotifers, cladocerans and copepods at any given time
(Pennack 1957). Different species within each of these groups have
different optima for reproduction and population increase. Ambient
conditions generally favor one species, over a l l others, giving It a
distinct competitive advantage, allowing it to become numerically
dominant; as environmental conditions change, another species may be
favored and it, in turn, becomes numerically dominant replacing the
former species. Field and experimental studies have identified a
number of factors which are capable of altering the competitive
balance between species thereby causing species replacements. Among
ttiese factors, water temperature and phytopIankton abundances which
may influence the rate of egg formation and developmental rates (Allan
1977: Edmondson 1965; Hall 1964; Moore 1978), phytoplankton species
composition which may selectively inhibit some species either by
;
fouling their feeding apparatus or by toxicity (Arnold 1971; Gliwicz
1978, 1980; Webster and Peters 1978) and predation by Invertebrate
(Wright 1965; Zaret 1980) and vertebrate predators (Applegate and
Mul l a n 1969; Brooks and Dodson 1965; Zaret 1980) are the most commonly
cited. Other, less studied, factors are discussed by Dumont (1977) as
they relate to successions among rotifers.
Everett et al. (1980) and Paulson and Baker (1983) have suggested
that spatial heterogeneity In the zooplankton community of Lake Mead
are related to gradients In phytoplankton productivity. In addition to
gradients In phytoplankton productivity, spatial heterogeneity in
zooplankton abundance and community composition have been related to
water temperature (Anderson 1971, 1974; Kwlatkowski 1980; Patalas
1972), pH (Carter 1971; Kochsiek et a I. 1971), conductivity/ IDS
(Anderson 1971, 1974; Carter 1971; Kochsiek et al. 1971; Patalas 1971)
and turbidity (Kochsiek et al. 1971). Tributary streams to Lake Mead
(Colorado, Virgin and Moapa rivers and Las Vegas Wash) differ
considerably In water quality (Paulson et al. 1980; Paulson and Baker
1983) so It Is possible that gradients in one or more of the above
mentioned parameters may Influence the spatial abundance of
zooplankton in the reservoir.
With the exception of Paulson and Baker°s (1983) study, work on
the Lake Mead zooplankton community has been primarily descriptive In
nature and little effort has been made to rigorously evaluate the
possible causes of seasonal and spatial heterogeneity. The purposes of
this thesis are to describe seasonal and spatial patterns In
zooplankton abundances In Lake Mead, test the hypothesis that spatial
and seasonal heterogeneity In the Lake Mead zooplankton are related to
heterogeneity In chlorophyll-a concentrations in the reservoir and to
relate the results of this study to previous studies on the
zooplankton community of Lake Mead.
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STUDY AREA
Lake Mead was formed in 1935 by the construction of Hoover
(formerly Boulder) Dam on the lower Colorado River between Arizona and
Nevada. The reservoir Iles midway along the course of the Colorado
River and is the second in a series of four major reservoirs on the
river; Lake Powell (impounded in 1963) is upstream and lakes Mohave
and Havasu (impounded In 1951 and 1938, respectively) are located
downstream from Lake Mead.
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At maximum operating level Lake Mead has a volume of 36.0 x 10
3 2 '
m and a surface area of 660.0 km ; In terms of volume, Lake Mead is
the largest reservoir in the United States and is second only to Lake
Powell in surface area. Mean and maximum depths in the reservoir are
55.0 and 180.0 m, respectively. Lake Mead extends 183 km from the
mouth of the Grand Canyon, at Pierce Ferry, to Hoover Dam. The
reservoir has a complex, irregular shoreline formed by the Inundation
of h i l l y desert terrain; numerous washes discharge Into the lake
forming a series of coves which extend throughout the length of the
reservoir, except In canyon bound areas. Morphological characteristics
of Lake Mead are presented in Table 1.
The limnology of Lake Mead has been well studied, the most recent
and thorough descriptions of the physlcochemical and biological
limnology of the lake are given by Burke (1977), Paulson et a I. (1980)
and Paulson and Baker (1983). Lake Mead can be characterized as a
Table 1. Morphometric characteristics of Lake Mead (from Paulson et
al. 1980).
Maximum operating level (m)
Maximum depth (m)
Mean depth (m)
2
Surface area (km )
3 9Volume (m X 10 )
Discharge depth (m)
Replacement time at maximum
operating level (years)
374.0
180.0
55.0
660.0
36.0
83.0
3.9
nir
Will
'mni
"-in
iuill'
imiii
subtropical monomlctlc reservoir (Burke 1977); water temperatures,
dissolved oxygen concentrations and pH undergo fairly regular seasonal
cycles (as Indicated in Table 2). Rising water temperatures In the
i
spring Initiate the development of thermal stratification and by June
stratification is usually well developed. Stratification persists
through the summer with f a l l turnover typically beginning in October
and completed by the end of November. Dissolved oxygen concentrations
are generally inversely related to water temperature in Lake Mead and
are lowest during the summer. A prominent feature of the limnology of
Lake Mead is the development of a negative heterograde oxygen profile
during the period of thermal stratification (Burke 1977; Paulson et
al. 1980).
The Colorado River Is the largest hydrologic Input to Lake Mead
and also represents the largest source of nutrient loading into the
reservoir. In 1981 and 1982, the Colorado River contlbuted 63.1 and
84.3$, respectively, of the total phosphorous and 86.1 and 87.0$,
respectively, of the total nitrogen Inputs to the lake (Paulson and
Baker 1983). Other tributaries to Lake Mead Include the Virgin and
Moapa (Muddy) rivers, which enter the reservoir in the Overton Arm,
and the Las Vegas Wash which discharges secondarily treated sewage
effluent Into the inner Las Vegas Bay. These three streams represent
small hydrologic inputs to Lake Mead, however, the Virgin River and
Las Vegas Wash are important sources of phosphorous and nitrogen
loading Into the reservoir. Nutrient inputs by the Virgin River In
1981 and 1982 represented 25.3 and 8.3$ of the total phosphorous
loading and 3.1 and 3.4$ of total nitrogen loading Into the lake;
T*i
f
Table 2. Lakewide seasonal means
parameters in Lake Mead
temperature, °Celcius;
-1
cm ; primary product iv
-1
chlorophyl I -a, ug 1
Temperature 5m
Temperature 15m
Temperature 30m
Dissoved oxygen 5m
Dissolved oxygen 15m
«
1
f
1
1
*
n
f
i
•V.
Dissolved oxygen 30m
Conductivity 5m
Conductivity 10m
Conductivity 30m
Peak conductivity
Primary productivity
Chlorophyl l-a
for physicochemical and
, 1981-1982. Units of
d i sso I ved oxygen, PPM
-1
ity, mg carbon m x
Spring
16.3
14.8
13.3
9.6
9.1
8.9
1176.6
1127.2
1137.1
1282.9
66.6
4.4
measurement
; conduct! vi
-1
day ; and
Summer Fa I I
27.1
22.3
16.0
8.2
6.1
5.9
1113.1
1067.5
1064.8
1166.3
129.3
6.3
19.1
18.5
17.7
8.3
7.9
6.4
1085.9
1054.1
1061.5
1168.2
192.2
2.1
b io logical
are:
ty, u mhos
Winter
12.2
11.7
12.7
9.4
9.1
8.5
1096.4
1065.1
1113.5
1244.4
12.5
1.5
Il l l l i i
;i
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inputs by the Las Vegas Wash represented 11.4 and 7.3 % of total
phosphorous loading in 1981 and 1982, respectively, and 10.7 and 9.6%
of total nitrogen loading in these same years (Paulson and Baker
1983). In both years, the Moapa River contributed less than \% of the
total phosphorus and nitrogen loading into Lake Mead.
Lake Mead is oligo-mesotrophic based on phytoplankton
productivity estimates and chlorophyll-a concentrations (Paulson et
a I . 1980). Mean annual chlorophyI I-a concentrations are generally much
less than 3.0 ug x I , but are elevated in the area of the Colorado,
Vi r g i n and Moapa River and Las Vegas Wash inflows (Paulson and Baker
1983). Maximum chlorophyll-a concentrations occur in the inner (27.1
and 19.7 ug x I in 1981 and 1982, respectively) and m i d d l e (5.1 and
4.3 ug x I in 1981 and 1982) Las Vegas Bay.
METHODS
Zooplankton samples were collected from 13 permanent stations
located in representative areas throughout Lake Mead (Figure 1).
Samples were collected monthly from January 1981 through December
1982; in Boulder Basin and Las Vegas Bay, samples were collected at
weekly or biweekly intervals during the summer (monthly averages were
used in a l l analyses). Zooplankton collections were made by lowering
an 80 urn mesh Wisconsin plankton net to a depth of 70 m, or to w i t h i n
1 m of the bottom at shallower stations, and then retrieving the net
to the surface at a constant rate. Samples were concentrated into 40
ml v i a l s in the f i e l d and were preserved with 5-10 ml of
sucrose-formalin solution (Haney and Hal l 1973). Samples collected
during this study were unreplicated.
Zooplankton were identified to the lowest possible taxon, u s u a l l y
to genus for the rotifers and species for cladocerans and copepods.
Copepod n a u p l i i were considered ss a single group. Zooplankton were
processed by counting a l l organisms in each of three replicate
subsamples from each sample. Estimates of Zooplankton densities were
made by extrapolation of the counts to M x m . For analysis,
Zooplankton densities were standardized to a tow depth of 40 m to
facilitate comparisons between stations of varying depth and to allow
comparison of the results of this study with those of former studies
(Burke 1977; Everett 1972; Paulson et al . 1980). Additionally, Burke
r
Moapa (Muddy) River
Muddy Arm
Virgin River
-^ .
Virgin Bowl
5 km
Middle
LasVegos /LasVegas
Bay
Grand
Wash
Figure 1. flap of Lake Mead showi.ng the location of sampling stations.
1 1
(pers. comm,) found that zooplankton densities were very low below a
depth of 40 m. Data standardized in this manner slightly over estimate
the density of zooplankton at deeper stations.
i
To determine which factors might be responsible for spatial and
seasonal heterogeneity in the Lake Mead zooplankton community, a
number of physicochemical and biological parameters were measured on
each sampling date. Water temperature, dissolved oxygen, pH and
conductivity were measured at each station with a Hydrolab Model I IA
or Model 8000 Water Quality Analyzer. Measurements were generally made
at 1 m increments from the surface to the depth of the thermocl ine
(generally 15-20 m) and at 5 m increments below this depth;
measurements were made at s i m i l a r depths during the unstratified
period.
Phytoplankton biomass was assayed using chlorophyll-a and
phytoplankton primary productivty (PPR) data of Paulson and Baker
(1983). Chlorophyll-a determinations were made by Paulson and Baker
throughout Lake Mead in 1981 and 1982; PPR measurements were made only
during 1981. Therefore, I have primarily used the chlorophyll-a data
to assess phytoplankton standing crops in Lake Mead.
Fish abundances in Lake Mead were assayed with a Furuno Model FM
22-D echo sounder. Transects of approximately 1 km in length were made
in the vicinity of each station on each sampling date. The relative
abundance of fish at each station was estimated by ranking the
echo-grams. A score of 1 was given to any echo-gram in which there
were no traces; a score of 2 was given when no more than a few traces
were present; a score of 3 was given to echo-grams with several
traces; a score of 4 was given to echo-grams with abundant single
strikes; and a score of 5 was given to echo-grams with large and
abundant schools of fish indicated. W h i l e it is not possible to
quantify these relative scores, it is obvipus that they do not
represent a linear sequence; each score may conservatively be
considered to represent double the fish biomass as the next lower
score.
To aid in the analysis of the data I performed a number of
statistical tests. The presence, or absence, of a statistically
significant (p§ 0.05) spatial heterogeneity in the physicochemical,
chlorophyI I-a and PPR data was determined with an analysis of variance
(ANOVA) as these data adhered to the assumptions of the test. A
non-parametric analysis of variance (Kruskal-Wallace) was used to test
for spatial heterogeneity in the the zooplankton and fish data.
Correlation analyses were conducted to examine relationships
between zooplankton densities and the various physicochemical and
biological parameters. Four distict limnological seasons can be
defined in Lake Mead: Spring (March-May), which is characterized by
cool, but warming, water temperatures, with no thermal stratification;
Summer (June-September), is characterized by warm water temperatures
and a well developed thermal stratification; F a l l (October-November),
is a period of cooling water temperatures and the breakdown of thermal
stratification; Winter (Decembei—February), is characterized by cold
water temperatures and mix is. Data were coded so that correlations
could be calculated for data from a single season or any combination
of seasons. For correlational analyses of the entire two year data
13
set, the parametric Pearson product moment correlation was used;
zooplankton data for these analyses were log normal standardized to
bring the data into conformity with the normal distribution. For
seasonal correlation analyses the non-parametric Spearman rank
correlation was used (zooplankton data were not log normal
standardized since the result of the rank correlation would be the
same with standardized and unstandardized data).
14
RESULTS
Community Composition and Seasonal ity
Over sixty taxa of rotifers, cladocerans and copepods have been
collected from Lake Mead (Table 3), a l l but the copepod Macrocyclops
alb idus were collected during this study. The cladoceran Polyphemus
pediculus, reported by Paulson et a I . (1980), is omitted from the l i s t
in Table 3 since its occurrence in Lake Mead is doubtful. The rotifers
were the best represented of the three major zooplankton groups with
24 genera and at least 37 species identified from Lake Mead to date.
Several of these rotifers were littoral forms and were, therefore,
uncommon in limnetic samples, but the majority (and a l l of the
abundant species) were limnetic forms. The most abundant rotifer
species were Asplanchna priodonta, KeratelI a cochlearis, K.
gracilenta, Polyarthra spp. and Syncheata sp. The 16 species of
cladocerans and 11 species of copepods collected from the reservoir
were, with a few exceptions, primarily limnetic forms. Bosmina
longirostr is, Daphn ia gal eata mendotae and 0_. pu lex were the most
abundant cladocerans. The copepods were dominated by two cyclopoid
copepods, Cyclops bicuspidatus thomasi and Mesocyclops edax; four
i
species of calanoid copepods (Diaptomus ash I and!, D. clavipes, D.
reighardi and CK siciloides) were found in Lake Mead, but there was no
one dominant species. Mean seasonal densities of the zooplankton of
Lake Mead are given in Table 4.
i if
i it
Table 3. Zooplankton species collected from Lake Mead.
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ROTIFERA
Anuraeopsls fissa (Gosse)
Ascomorpha sal tans Bartsch
Asplanchna j)riodonta Gosse
Brachionus angular is Gosse
B. calyciflorus Pallas
B. jxatulus (Mul ler)
B. gjjadr identatus Hermann
Col lotheca sp.
Conochilus unicorn is Rousselet
Dicranophorus sp.
Euchlanis sp.
Fi I inia sp.
Hexarthra sp.
Ke 1 1 i cott i a 1 ong i sp i na ( Ke 1 1 i cott )
Keratella cochlearis (Gosse)
K. earl inae Ahlstrom
K, gracilenta Ahlstrom
K. quadrata (Mul ler)
Lecane (Lecane) crepida Marring
L,. (L.) luna (Mul ler)
Lecane (L.) sp.
L. (Monostyla) decipiens (Murray)
L. (M.) lunaris (Ehrenberg)
Lepadella acuminata (Ehrenberg)
Lepadel la sp.
Macrocheatus sp.
Monommata sp .
Notholca squamula (Mullen)
Platyias quadricornis Ehrenberg
P 1 eosoma sp .
Polyarthra spp.
Syncheata sp.
Testudinella patina (Hermann)
Trichocerca cyl indrica (Imhof)
T. multicrinis (Kel 1 icott)
Trichocerca sp.
Tr i chotr i a sp .
CLADOCERA
Alona guttata Sars
A. quadrangular is (Mul ler)
Bosmina longirostris (Mul ler)
Ceriodaphnia lacustris (Birge)
C. quadrangula (Mul ler)
Chydorus sphaerlcus (Muller)
Daphnia ambigua Scourfield \. galeata mendotae Birge
Habitat
Limnetic
Limnetic
Limnetic
Limnetic
Limnetic
Limnetic
Limnetic
Limnetic
Limnetic
Littoral
Littoral
Limnet ic
Limnetic
Limnetic
Limnetic
Limnetic
Limnetic
Limnetic.
Littoral
Littoral
L i ttora 1
Littoral
Littoral
Littoral
Littoral
Littoral
Littoral
Littoral
Limnetic
L imnet ic
Limnetic
Limnetic
Limnetic
Littoral
Littoral
Littoral
Littoral
Littoral
Littoral
Limnetic
Limnetic
Limnetic
Littoral
Limnetic
Limnetic
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2- Parvul3 Fordyce
D_. pu I ex Leydig
Diaphanosoma brachyurum (Lieven)
Ilyocryptus spinifer Herrick
Leptodora klndtli (Focke)
Leydigia quadrangular is (Leydig)
Moina brachiata (Jurine)
Scapholeberis kingi (Sars)
Limnetic
Limnetic
Limnetic
Littoral
Limnetic
Littoral
Littoral
Littoral
COPEPODA
CycI ops bicuspidatus thomas i Forbes
C. varicans rubellus Li I Ijeborg
C. vernal is Fischer
Diaptomus ash I and! Marsh
ID. clavipes Schacht
£• reighardi Marsh
C). siciloides Li I Ijeborg
Eucyclops agiI is Kock
Macrocyclops albidus (Jurine)
Mesocyclops edax (Forbes)
Onychocamptus mohammed (Blanchard and Richard)
Limnetic
Littoral
Limnetic
Limnetic
Limnet ic
Limnet ic
Limnetic
Littoral
Littoral
Limnetic
Limnetic
17
Table 4. Average lakewide
Mead, 1981-1982.
Ascomorpha sal tans
Asplanchna priodonta
Col lotheca sp.
Conochilus unicorn is
F i I inia sp.
Hexarthra sp.
Kerate 1 1 a coch 1 ear i s
Keratel la earl inae
Keratel la gracilenta
Pleosoma sp.
Polyarthra spp.
Syncheata sp.
Trichocerca spp.
Total Rot if era
Bosmina longirostris
Daphnia galeata
Daphnia pulex
Diaphanosoma brachyurum
Total Cladocera
Copepod naupl i i
Cyclops copepodites
Mesocyclops copepodites
Diaptomus copepodites
Cyclops bicuspidatus
Mesocyclops edax
Diaptomus ash land!
Diaptomus reighardi
D i aptomus s i c i 1 o i des
Total Copepod a
Tota 1 zoop 1 ankton
zooplankton densi
Spring
53
1328
108
19
3
2
296
520
14
0
3124
4341
0
9952
6165
1197
1829
30
9373
10879
2356
647
1001
647
160
180
135
92
16119
35444
-
Summer
23
789
100
176
6
247
544
8
582
269
1650
3232
164
7890
1696
398
142
54
2320
4492
873
740
281
141
190
36
49
39
7133
17343
ties (N x
Season
Fal 1
216
696
54
212
0
16
604
5
5956
96
3327
3376
0
14806
2557
983
332
78
6021
4566
871
1422
579
103
294
54
118
431
8460
29287
m ) in
Winter
2
63
36
43
0
1
7
9
49
1
3326
1237
0
4780
295
308
2443
25
3078
6729
2412
353
1256
716
356
157
184
1291
13520
21378
Lake
Annual
62
781
82
115
3
92
387
146
1303
114
2669
3182
59
9116
2797
703
1067
47
5042
6655
1564
766
714
380
232
101
110
360
11009
25167
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The range of physlcochemical and biological conditions present in
Lake Mead make a simple description of zooplankton seasonal ity
impossible. The patterns of seasonal abundance of the major
zooplankton species and of chlorophyll-a concentrations at four
locations (Gods Pocket, Iceberg Canyon, Boulder Basin and inner Las
Vegas Bay) are representative of lakewide patterns and are described
below.
Rotifers
A single autumnal peak in rotifer densities occurred at Gods
Pocket in 1981 and two peaks, spring and autumnal, occurred in 1982
(Figure 2). The spring, 1982, maximum was coincident with the annual
population maximum of Syncheata sp. during March-April; a similar, but
less pronounced, spring maximum In Syncheata abundances also occurred
In 1981. Asplanchna prlodonta was present throughout most of the year
at Gods Pocket and reached an annual maximum In May and a secondary
maximum In August-September. Rotifer densities were generally low
through the summer and then increased again in the late summer-fall.
This autumnal increase resulted as a number of species, or species
groups (i.e., Polyarthra spp.), simultaneously reached population
maxima. The most abundant of these was Syncheata sp. which reached a
secondary maximum in the fa l I ; Keratella gracilenta and PIeosoma sp.
reached annual maxima in the late summer-fall (August-October) and
Polyarthra spp. reached an annual maximum in October-November. Maxima
of l<. gracilenta and PIeosoma sp. are indicated by the high abundances
of miscellaneous rotifers during August-October. Kerate11 a cochI ear is
and K. earlInae, were seasonally common at Gods Pocket; both were rare
19
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Figure 2. Abundance and species composition of the rotifer
community at Gods Pocket, 1981-1982.
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in 1981, but were common in the spring (especially A p r i l ) of 1982.
Seasonal trends at Iceberg Canyon were simila r to those at Gods
Pocket (Figure 3). Rotifer densities again showed an autumnal maximum
I
in 1981 and spring and autumnal maxima in 1982. Syncheata sp. was the
most abundant rotifer at Iceberg Canyon and reached an annual maximum
in the summer (1981) and spring (1982) and secondary maxima in the
f a l l of both years. A. pr iodonta was most abundant during the spring
(1981) and summer (1982) and was less common during f a l l and winter.
Pol yarthra spp. exhibited an autumnal maximum in 1981 and spring and
autumnal maxima in 1982. Late summer-fall peaks in miscellaneous
rotifers were primarily due to the coincidence of annual maxima of j<.
graci lenta, Hexarthra sp. and P I eosoma sp. The overall abundance of
miscellaneous species was greater during the spring at this station
than it had been at Gods Pocket and this was largely due to maxima of
Col lotheca sp. (1981) and K. cochlearis and K. earl inae (1982).
Seasonal patterns in rotifer densities at Boulder Basin were
variable so that no regular pattern was apparent (Figure 4). Syncheata
sp. reached an annual maximum in the winter, at which time it was the
most abundant rotifer. A_. pr iodonta and l<. cochlearis reached annual
maxima in the late spring-summer and Pol yarthra spp. reached an annual
maximum in the f a l l and a secondary maximum in the spring.
Miscellaneous rotifers were most abundant in the f a l l and were
composed of a number of species; among these Conoch i I us un icorn is and
* gracl lenta were the most abundant.
l l l l l!]»><
I IBB*
jiiiiiWj mil!**
III!*
iliiiiin*
Rotifer densities in the inner Las Vegas Bay were high and
extremely variable (Figure 5). Syncheata sp. reached annual maxima
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Figure 3- Abundance and species composition of the rotifer
community at Iceberg Canyon, 1981-1982.
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Figure 4. Abundance and species composition of the rotifer
community in Boulder Basin, 1981-1982.
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Figure 5- Abundance and species composition of the rotifer
community in the inner Las Vegas Bay, 1981-1982.
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during the spring (1981) and summer (1982). A^ priodonta and l<.
I
cochlearIs reached maxima in the summer and Polyarthra spp. were most
abundant in the f a l l and winter. During the summer, rotifer densities
were low (1981) or erratic (1982) and were very high in the f a l l ,
especially in 1981. The miscellaneous rotifers category was dominated
by Trichocerca spp. and l<. gracilenta. The very high density of
rotifers in October of 1981 was almost exclusively due to K.
gracilenta.
Cladocerans
The cladoceran community at Gods Pocket was dominated by Bosmina
longirostris throughout most of the year (Figure 6). EL longirostris
was most abundant in the spring (March-May), declined in abundance in
June and July, and exhibited a secondary maximum in the late summer.
Daphnia galeata mendotae also exhibited maxima in the spring and f a l l ;
in 1981, the spring maximum was the greater of the two and in the 1982
the f a l l maximum was greater. [). pulex showed a single population
maximum during the winter. Diaphanosoma brachyurum, a common
constituent of the f a l l plankton in the lower half of Lake Mead, was
rare at Gods Pocket.
Cladoceran densities at Iceberg Canyon were greatest during the
spring and f a l l (Figure 7). §. longirostris reached an annual maximum
during the spring, with peak densities occurring in May, and was the
dominant cladoceran through the spring and summer. [).£. mendotae
reached an annual maximum during f a l l and became the dominant
cladoceran until it was In turn replaced by [). pulex in the winter. [)•
pulex remained the dominant cladoceran through the winter.
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Figure 6. Abundance and species composition of the cladoceran
community at Gods Pocket, 1981-1982.
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Figure 7- Abundance and species composition of the cladoceran
community at Iceberg Canyon, 1981-1982.
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Diaphanosoma brachyurum was present only during the fal I in 1981 but
was present almost year round in 1982, in both years its greatest
abundance occurred in the late summer-fall.
Cladoceran densities at Boulder Basin showed a spring maximum
which was followed by a mid-summer depression and only a slight
Increase in the f a l l ; densities were then low through the winter
(Figure 8). D_. pulex reached an annual maximum in the winter and early
spring and was the dominant cladoceran during these seasons. In the
early summer, £.£. mendotae succeeded D_. pu I ex as the dominant
cladoceran and was in turn succeeded by §. longlrostris in late
summer. In the f a l l , 2'2- nfiendotae reached an annual maximum and was
the dominant cladoceran until winter when It was succeeded by D.
pulex. Miscellaneous cladocerans were not very common except for a
spring peak of [). parvu I a in 1981. In the f a l l , Diaphanosoma
brachyurum was the major constituent of the miscellaneous cladoceran
«
category.
Cladoceran densities were high and variable in the Inner Las
Vegas Bay (Figure 9). ()• pulex reached an annual maximum in the
winter-spring. A mid-summer depression of cladoceran densities was
wel l developed. In late spring, D_.g_. mendotae reached an annual
maximum and succeeded D. pulex; by early summer B. longirostris was
the dominant cladoceran. High cladoceran densities in the f a l l of 1981
were due to an abundance of Daphnia parvula. Diaphanosoma brachyurum
reached an annual maximum in the late summer-fall of both years, but
was not a numerically important member of the plankton.
28
<u
u
o
TJ
O
•5 2
0)
O
o
-D
o
"o
100 I I I I I I I I i I I I I I I I I I 1 I I I
rrTTTTTi iTTTTlTl f n .
JanF M A M J J A S O N D JanF M A M J J A S O N D
Daphnia pulex
Miscellaneous
I I Daphnia galeata mendotae
IH Bosmina longirostris
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Abundance and species composition of the cladoceran
community in the inner Las Vegas Bay, 1981-1982.
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Copepods
A single spring peak in copepod densities occurred at Gods Pocket
in 1981 and two peaks, spring and autumnal, occurred in 1982 (Figure
10). At least 50%, and usually greater than 1Q%, of the copepod
community was composed of n a u p l l i . Cyclopoid copepod adults and
copepodites, especially Cyclops bIcuspidatus thomas1 and Mesocyclops
edax, were most abundant during the spring and f a l l periods of peak
copepod densities and it was during these periods that the
proportional abundances of n a u p l i i were lowest. C.b_. thomas i was .the
dominant copepod during the winter and spring and was replaced by M.
edax, as the most abundant copepod, during the summer and f a l l . The
f a l l 1982 peak in copepod densities was largely composed of adults and
copepodites of M. edax. A l l four Diaptomus species were uncommon at
Gods Pocket.
Copepod densities at Iceberg Canyon exhibited a single maximum in
the spring, declined through the summer and then increased into the
f a l l and winter (Figure 11). As at Gods Pocket, n a u p l i i dominated the
copepod community at Iceberg Canyon. C.b_. thomas i was the dominant
copepod in the winter and spring and M. edax was dominant in the
summer and f a l I . Diaptomus reighardi was the most common calanoid
copepod at this location and was most abundant in May and December.
Copepod densities at Boulder Basin were greatest in the late
winter-early spring (Figure 12). N a u p l i i represented about 30-80* of
the total copepod community, a smaller fraction than at Gods Pocket
and Iceberg Canyon, and were most abundant in the spring. C.b_. thomas i
and M. edax exhibited the patterns of seasonal abundances s i m i l a r to
i i i i * i i i
M a r A M J J A S O N D J a n F M A M J J A S O N D
UNauplii O Cyclopoid copepods
Q Miscellaneous £2 Calanoid copepods
Figure 10. Abundance and species composition of the copepod
community at Gods Pocket, 1981-1982.
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those described above, C.b^. thomasl was the most common cyclopoid in
the winter and spring w h i l e M. edax was the dominant species in the
summer and f a l l . Compared with Gods Pocket and Iceberg Canyon, adults
and copepodites of Diaptomus spp. represented a proportionately
greater fraction of the copepod community at Boulder Basin, but s t i l l
represented a maximum of only 20% of the community. [)• s iciloides was
the most abundant of the diaptomids at Boulder Basin and reached
maxima in the spring and f a l l , D_. ash I and! exhibited a s i m i l a r
seasonal pattern and D_- clavlpes and D. reighardi were erratic in
occurrence.
Copepod densities were high throughout the year, except during
summer, in the inner Las Vegas Bay (Figure 13). During the summer
there was an obvious depression in copepod densities. The fraction of
the copepod community made up of n a u p l l i was lower and more variable
than at the other locations described. N a u p l i i were most abundant in
the spring, coinciding with annual maxima of copepod densities. The
proportional abundance of n a u p l i i was, however, highest in the summer
when copepod densities were at an annual low. £.b_. thomasl and M. edax •
were most abundant in the spring although the former was more
abundant. In the winter, adults and copepodites of Diaptomus spp.
dominated the copepod community. D_. ash I and!, D. reighardi and D_.
s iciloides, were most abundant in the winter-early spring but also
exhibited an autumnal maximum; D_. s Ici loides was by far the most
abundant of these three species.
ChlorophylI-a
ChlorophyIl-a showed two periods of peak concentrations at Cods
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Pocket (Figure 14a). These peaks roughly corresponded with the spring
and autumnal peaks in zooplankton densities. Although only one period
of peak chlorophyl l-a concentrations is indicated for 1981, February
chlorophyl I -a concentrations at Gods Pocket were 4.8 ug x I , the
highest observed at this station in 1981. No zooplankton samples were
collected at Gods Pocket on this date so it is possible that the lack
of any spring 1981 peak In zooplankton densities was an artifact of
sampling. Comparisons of zooplankton densities and chlorophyl l-a
concentrations at Gods Pocket suggest that: i) rotifers appeared. to
respond more rapidly to high chlorophyl l-a concentrations than did the
cladocerans and copepods; I I ) a l l three major zooplankton groups,
especially copepods, respond more strongly to increased chlorophyl l-a
concentrations in the spring than to comparably increased
concentrations in the f a l l ; and i l l ) that the high cladoceran and
copepod densities in the spring of 1981 were unrelated to
chlorophyl l-a concentrations, possibly indicating the a b i l i t y of these
groups to suppress phytopl ankton standing crops.
Chlorophyl l-a concentrations at Iceberg Canyon were greatest in
the spring and f a l l (Figure 14b). The spring peak in chlorophyl l-a
concentrations was absent in 1981, but was w e l l developed in 1982.
Comparisons of chlorophyl l-a concentrations and zooplankton densities
at this station support the three observations made above.
Ch lorophy I l-a concentrations at Boulder Basin were uniformly low
throughout the year (Figure 14c). Higher than average concentrations
occurred in the late winter-early spring and f a l l . High zooplankton
densities In the spring at Boulder Basin appeared to be unrelated to
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Figure 14. Chlorophyl1-a concentrations at: a) Gods Pocket; b) Iceberg Canyon; c) Boulder Basin;
and d) the inner Las Vegas Bay, 1981-1982.
38
chlorophyIl-a concentrations.
Chlorophyll-a concentrations were highest during the summer in
the inner Las Vegas Bay (Figure 14d), however, this was also the
period of lowest zooplankton densities. Among the three zooplankton
groups, rotifer densities were most closely related to chlorophyll-a
concentrations, although the high summer concentrations in 1981 did
not result in high rotifer densities at that time. Winter and spring
abundances of copepods occurred during periods of m i n i m a l
chlorophyI I-a concentrations and, therefore, appeared to be unrelated
to chlorophyll-a.
Spatial Heterogeneity in Zooplankton
Abundances
Rotifer densities at Gods Pocket, near the Colorado River inflow,
down lake to Boulder Basin for 1981-1982 are shown In Figure 15.
Seasonal variations in rotifer densities are obvious in this figure
with maximum densities occurring In the spring and late summer-fall,
rotifer abundances were depressed during the summer and winter months.
A second trend Is also evident, rotifer densities were greatest at
Gods Pocket and decreased down lake. Rotifer densities from Gregg Basin
to Boulder Basin, all deep (greater than 100 m) oligotrophic basin
stations, were uniformly low. Mean annual rotifer densities at a l l
stations are presented in Table 5 and emphasize the trends indicated
in Figure 15. Mean annual rotifer densities at Gods Pocket were 11.3
and 21.3 x I in 1981 and 1982, respectively; mean densities were
also high at Iceberg Canyon (7.7 and 9.3 x I in 1981 and 1982) but
were less than 2.0 x I in both 1981 and 1982 at the deep basin
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Table 5. Mean lakewide annual densities (N x m x 1000) of
zooplankton in Lake Mead, 1981-1982.
Gods Pocket
Grand Wash
Iceberg
Canyon
Gregg Basin
Temple Bar
Virgin Basin
V i r g i n Bowl
Muddy Arm
Fish Island
Echo Bay
Boul der
Basin
M i d d l e Las
Vegas Bay
Inner Las
Vegas Bay
1981
1982
1981
1982
1981
1982
1981
1982
1981
1982
1981
1982
1981
1982
1981
1982
1981
1982
1981
1982
1981
1982
1981
1982
1981
1982
Total
Zoopl ankton
24.82
37.13
24.33
22.32
24.57
27.19
14.69
10.92
10.27
6.66
10.16
7.75
47.94
37.27
23.66
28.95
12.77
8.92
11.08
8.14
15.03
11.38
20.16
19.85
90.00
94.56
Rotifers
1 1 .29
21 .28
5.21
5.80
7.71
9.33
.82
1.93
.76
1 .24
.84
.95
14.63
18.12
10.83
11.15
1.86
1.23
1.28
1 .04
.47
2.08
1 .76
5.70
37.90
58.15
Cl adoceran
6.43
7.38
4.69
5.15
5.99
7.46
2.31
1 .45
1 .37
1.03
1.14
.76
24.55
6.57
2.82
6.54
2.37
1 .64
1.33
1 .17
2.25
1.73
3.47
2.48
21.80
7.62
s Copepods
7.11
8.46
14.43
1 1 .36
10.86
10.40
11.57
7.54
8.14
4.39
8.18
6.04
8.76
12.57
10.01
11.26
8.57
6.05
8.47
5.93
12.31
7.58
14.93
1 1 .68
30.30
28.79
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stations. Peaks in rotifer densities occurred at s i m i l a r times from
Gods Pocket to Gregg Basin and occurred somewhat later from Temple Bar
to Boulder Basin. This, and the changes in rotifer densities between
these stations, suggests that the Colorado River Inflow was exerting
an direct Influence, via nutrient loading and a consequent increase in
phytoplankton production, on the abundance of rotifers as far down Iake
as Gregg Basin.
Rotifer densities In the Overton Arm showed similar seasonal and
spatial trends (Figure 16). Rotifers were most abundant at Virgin
Bowl, near the Inflow of the Virgin River, and at Muddy Arm, near the
inflow of the Moapa River; mean annual densities at both stations were
greater than 10.0 x I . Densities were much lower at Fish Is I and-and
Echo Bay (less than 2.0 x I at both locations), with densities at
the latter, a deep ol igotrophic basin station, resembling those of the
deep basin.stations along the main axis of the reservoir. Comparisons
of rotifer densities at these stations indicate little, if any,
increase In rotifer abundances at Fish Island, compared with Echo Bay.
Apparently, the Virgin and Moapa rivers had no influence on rotifer
densities beyond the immediate areas of their Inflows.
In Las Vegas Bay, rotifer densities were extremely high in the
inner bay near the inflow of Las Vegas Wash (37.9 and 58.2 x I in
1981 and 1982, respectively) and then decreased out toward Boulder
Basin (less than 2.1 x I in both years) (Figure 17). A mid-summer
depression of rotifer numbers was also evident in this area of the
reservoir. Compared with the basin stations along the main axis of the
reservoir, there was an increase In the abundances of rotifers at
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Figure 16. Rotifer densities in Overton Arm, 1981-1982. Stations
are, from top to bottom, Vi r g i n Bowl; Muddy Arm; Fish
Island; and Echo Bay.
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Figure 17- Rotifer densities in Boulder Basin and Las Vegas Bay,
1981-1982. Stations are, from top to bottom, inner Las
Vegas Bay; middle Las Vegas Bay; Boulder Basin.
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m i d d l e Las Vegas Bay and Boulder Basin as compared with upstream basin
stations (Virgin and Gregg basins). This increase is very l i k e l y a
result of nutrient loading by the Las Vegas Wash which stimulates
phytoplankton productivity in the Las Vegas Bay (Paulson and Baker
1983).
Cladoceran densities (Figure 18) along the main axis of the
reservoir exhibited the same trends in seasonal and spatial abundance
as the rotifers. Two periods of peak abundance occurred; the first was
in the spring and was generally the greater of the two and the second
occurred In the f a l l . Cladoceran densities were greatest at Gods
Pocket and decreased down lake. Mean annual Cladoceran densities at
Gods Pocket and Iceberg Canyon were equal to or greater than 6.0 in
both 1981 and 1982; densities were s l i g h t l y lower at Grand Wash (4.7 x
I in 1981 and 5.2 x I in 1982) and then were much lower (§ 2.5) at
downstream stations. Comparison of spring peaks in Cladoceran
densities between locations, as for the rotifers, suggests that the
Colorado River influenced zooplankton densities as far down lake as
Gregg Basin and possibly Temple Bar. Cladoceran densities were, in
general, uniformly low at the basin stations (Gregg Basin to Boulder
Basin).
In the Overton Arm and Las Vegas Bay, Cladoceran densities
increased with proximity to the Inflow areas (Figures 19 and 20,
respectively). Densities at Virgin Bowl, Muddy Arm and the inner Las
Vegas Bay were usually much greater than densities at stations distant
from the inflows. Mean densities at Virgin Bowl were 24.6 and 6.6 x
I in 1981 and 1982, respectively, and were 2.8 and 6.5 x I in the
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Figure 18. Cladoceran densities along the main axis of Lake Head,
1981-1982. Stations are, from top to bottom: Gods
Pocket; Grand Wash; Iceberg Canyon; Gregg Basin;
Temple Basin; V i r g i n Basin; and Boulder Basin.
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Muddy Arm In these same years. In contrast with the rotifers, there
appeared to be only a slight increase in cladoceran densities at Fish
Island (as compared with the basin stations), mean annual densities
were 2.4 and 1.6 x I"' in 1981 and 1982, respectively, and there was
no trace of an increase at Echo Bay where mean densities were less
than 1.5 x I in both years.
Mean annual cladoceran densities in the Inner Las Vegas Bay were
21.8 and 7.6 x I in 1981 and 1982, respectively; only a slight (and
primarily in the spring) increase in cladoceran densities was evident
in m i d d l e Las Vegas Bay and Boulder Basin. Mean cladoceran densities
at these stations were 3.47 and 2.5 x I in the m i d d l e Las Vegas Bay
and 2.3 and 1.7 x I in Boulder Basin in 1981 and 1982, respectively.
Copepod densities along the main axis of the reservoir were
comparably high from Gods Pocket to Temple Basin (Figure 21) with only
slight differences in mean annual densities among most stations (Table
4). Copepod densities did not show, as clearly as did rotifer and
cladoceran densities, the down Iake extent of the Colorado River
influence. However, it appears that this influence extended from Gods
Pocket down Iake to Gregg Basin.
Copepod densities in the Overton Arm and Las Vegas Bay are shown
in Figures 22 and 23, respectively. In both areas copepods were more
abundant near the inflows and were progressively less abundant away
from these inflows. Seasonally, copepod densities were greatest during
the winter and spring, underwent a mid-summer depression and then
increased again in the f a l l . Mean annual copepod densities at Virgin
Bowl and Muddy Arm were greater that 8.7 x l~ , In both 1981 and 1982,
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Figure 21. Copepod densities along, the main axis of Lake Mead,
1981-1982. Stations are, from top to bottom: Gods
Pocket; Grand Wash; Iceberg Canyon; Gregg Basin;
Temple Basin; V i r g i n Basin.; and Boulder Basin.
1 minium
I UlllillllJ
'tiiiiiiiiii!
50
1
I
f-
•a
oCL
a>
ex
O
O
"o
40 -
30-
20 -
20 -
,**53
\ i I i i i f i |""| I f 1 » | \~"\T I'"['I
J F M A M J J A S O N D J F M A M J J A S O N D
IIIIIIBP"
11 ..... li
Hiilllill
I
;:
-
I
1
Figure 22. Copepod densities in Overton Arm, 1981-1982. Stations
are, from top to bottom, V i r g i n Bowl; Muddy Arm; Fish
Island; and Echo Bay.
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and decreased to between 6.0 and 8.5 x
Bay.
-1
at Fish Island and Echo
Spatial differences in copepod densities were most pronounced in
the Las Vegas Bay. Mean annual densities were greater than 28.7 x I
in both 1981 and 1982 in the inner Las Vegas Bay. Mean densities were
11.7 and 14.9 x I (in 1981 and 1982, respectively) in the m i d d l e Las
Vegas Bay. In Boulder Basin, mean annual copepod densities were 12.3
and 7.6 x l~ in 1981 and 1982.
Comparisons of the spatial abundances of the rotifers,
cladocerans and copepods show that there were fairly regular
differences in the composition of the zooplankton community that
occurred along the inflow-down Iake gradients. The relative abundances
of rotifers, cladocerans and copepods at each station are shown in
Table 6. Rotifers were generally the most abundant group at the inflow
stations. At Gods Pocket, Iceberg Canyon, Virgin Bowl, Muddy Arm and
in the Inner Las Vegas Bay rotifers represented 30-50$ of the total
zooplankton. Elsewhere in the reservoir, copepods dominated the
zooplankton. Lakewide, copepods represented from 30 to 15% of the
total zooplankton and cladocerans consistently represented about 13-20
% of the total zooplankton.
Zooplankton Densities and ChlorophyIl-a
Concentrations
The spatial gradients in zooplankton densities described above
were related to s i m i l a r gradients in chlorophyll-a concentrations.
Annual mean densities of total zooplankton and chlorophyll-a
concentrations for 1981 and 1982 are shown in Figure 24. Although
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Table 6. Percentage contr
copepods to the Lake Mead
Gods Pocket
Grand Wash
Iceberg Canyon
Gregg Basin
Temp 1 e Bar
V i rg in Basin
V i rg in Bowl
Muddy Arm
Fish Island
c Echo Bay
Boulder Basin
Midd le Las Vegas Bay
Inner Las Vegas Bay
ibution of the rotifers,
zoop 1 ankton commun i ty ,
Roti fers
52.6
23.0
36.7
10.4
13.4
12.1
43.7
37.8
14.3
13.3
11.5
15.9
44.7
cl adocerans
1981-1982.
and
Cladocerans Copepods v
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18.3
21.3
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18.4
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Figure 2k. Mean annual chlorophyl1-a and zooplankton standing crops
in Lake Mead, 1981-1982. Sta t ions are: IB-Inner Las Vegas
Bay; MB-middle Las Vegas Bay; BB-Boulder Basin; V B - V i r g i n
Basin; TB-Temple Basin; GBtGregg Basin; IC- lceberg Canyon;
GW-Grand Wash; GP-Gods Pocket; V B I - V i r g i n Bowl; MA-Muddy
Arm; FI-Fish Island; and EB-Echo Bay.
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there was not a strict one to one relationship, zooplankton densities
and chlorophyIl-a concentrations were greater at the inflow stations
and decreased downstream from these inflows. A log normal plot of
zooplankton densities versus chlorophyIl-a concentrations for both
years is presented in Figure 25. There is considerable variability
around each point, represented by standard error bars, however, there
was a distinct and h i g h l y significant relationship between zooplankton
and chlorophyll-a (r= 0.844, p< 0.001). Correlations of each major
zooplankton group (rotifers, cladocerans, copepods) with chlorophyll-a
concentrations were not, however, significant (rotifers: r= 0.044;
cladocerans: r= -0.035; copepods: r= 0.269). The relationships between
the major zooplankton groups and chlorophyll-a are complicated by a
number of factors such as seasonal succession, fish predation, etc.
There also appeared to be a plateau for zooplankton densities, as
a function of chlorophyll-a concentrations. The two highest points in
Figure 25 represent values for the inner Las Vegas Bay, these two
points l i e off the line indicated by the others. The apparent point of
inflection is at 5.3 (= 0.8, log normal) ug chlorophyll-a x I
ChlorophylI-a concentrations in excess of this value, may not result in
increased zooplankton densities in Lake Mead.
Fish Abundances
Although no quantitative data are available with which to assess
fish abundances in Lake Mead, extensive collections of echo-grams are
available and these echo-grams document, qualitatively, striking
differences in the abundance of fish through the year and throughout
the reservoir. Fish abundances were low throughout the reservoir
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respect ively.
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during the winter and early spring (Table 7); abundances then
increased in mid-spring and summer coincident with the spawning
seasons of threadfin shad (Dorosoma petenense) and other fishes (Allan
and Roden 1978).
Spatial variations in fish abundances followed the patterns
described for zooplankton and chlorophyll-a. Fish were most abundant
in the inflow areas and decreased away from these inflows (Figure 26),
because of the method used in coding the echo-grams the magnitude of
these changes In fish abundances is obscured. These changes In fish
abundances are, however, more accurately represented if each unit of
abundance is considered to be twice as large as the former.
Statistical Analyses
The graphics thus far presented demonstrate a substantial spatial
heterogeneity in zooplankton abundances. To test whether this spatial
heterogeneity was statistically significant I compared monthly
densities of several of the more common species (total zooplankton,
total rotifers, total cladocerans, total copepods, Syncheata sp.,
Polyarthra spp., Daphnia galeata mendotae, [). pulex, Bosmlna
longirostris, copepod n a u p l i i , and adults of Cyclops bicuspidatus
thomasl and Mesocyclops edax), by stations, with a Kruskal-Wallace
analysis of variance. In a l l cases, there was a significant (p§ 0.05
for total copepods; p<0.01 for a l l others) spatial heterogeneity in
abundance. A parametric analysis of variance (ANOVA) indicated that
there was no statistically significant spatial heterogeneity in most
of the physicochemical parameters studied (temperature, dissolved
oxygen and pH, at the 5, 15 and 30 m depths). Therefore, I
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Table 7. Relative fish abundances in Lake Mead, 1981-1982, as
determined from echo-grams (1= lowest abundance, 5= greatest
abundance).
Mar. 1981
Apr.
May
June
Ju l y
Aug.
Sept.
Oct.
Nov.
Dec.
Jan. 1982
Feb.
Mar.
Apr.
May
June
Ju l y
Aug.
Sept.
Oct.
Nov.
Dec.
GP*
2
4
3
2
2
3
2
2
2
2
2
2
3
2
2
3
3
. 2
2
2
2
GW
3
2
2
3
2
3
2
2
1
2
2
1
3
2
2
2
2
2
2
3
2
1C
2
3
3
4
2
3
2
2
1
2
2
2
3
2
2
3
4
3
3
3
2
GB
1
3
1
2
1
1
1
1
1
1
1
1
2
1
2
1
1
2
1
1
1
Stat
TB
1
1
1
2
1
1
1
1
1
1
1
1
2
1
1
2
1
1
1
1
1
ion
VB
1
1
1
1
1
1
1
1
1
1
2
1
1
1
2
2
1
1
1
2
1
MA
2
3
1
2
3
2
2
2
2
2
2
2
2
1
2
2
4
2
3
2
2
FL
2
3
1
2
2
1
1
1
2
2
1
1
2
1
2
2
2
2
2
2
1
EB
1
1
1
1
1
1
1
1
2
1
1
1
1
1
1
2
1
1
1
1
VBL
5
5
1
4
3
2
2
2
2
2
2
2
3
2
4
4
3
2
3
2
2
ILV
3
4
3
3
4
3
2
3
2
4
2
2
3
2
4
5
5
3
4
3
4
MLV
2
3
2
3
3
2
2
2
1
2
1
2
2
2
3
2
2
2
2
2
1
BB
1
1
1
1
1
2
1
2
2
2
2
2
1
1
* GP- Gods Pocket, GW- Grand Wash, 1C- Iceberg Canyon, GB- Gregg
Basin, TB- Temple Bar, VB- Virgin Basin, MA- Muddy Arm, Fl- Fish
Island, EB- Echo Bay, VBL- Virgin Bowl, MLV- middle Las Vegas Bay,
ILV- inner Las Vegas Bay, BB- Boulder Basin
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Figure 26. Relative abundance of fish, as determined from echo-grams, throughout Lake Mead,
1981-1982. Station names are abbreviated as in Figure 2^4.
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have concluded that the spatial heterogeneity in zooplankton
abundances in Lake Mead is independent of these factors. There was a
significant spatial heterogeneity in conductivity (at a l l depths),
chlorophyll-a concentrations, PPR and fish abundances. It seems l i k e l y
that one, or more, of these parameters may be responsible for the
spatial differences in zooplankton densities.
Correlation Analyses of Zooplankton and
Limnologlcal Parameters
Correlation analyses of log normalized zooplankton densities and
various physicochemical and biological parameters are summarized In
Table 8. A number of statistically significant relationships between
zooplankton abundances and these parameters existed. Because there was
no statistically significant spatial heterogeneity in several of these
variables, relationships between zooplankton densities and these
parameters are Interpretable as representative of seasonal rather than
spatial phenomena.
Zooplankton species showing significant positive relationships
with temperature in Table 8 can be characterized as those which were
most abundant, and generally reached annual maxima, during the late
summer or f a l l . Those with high negative correlations were most
abundant during the spring. These characterizations are in agreement
with the mean seasonal densities presented in Table 4.
Relationships between zooplankton densities and dissolved oxygen
at 5m, were generally comparable with, but of opposite sign than,
those with temperature. Differences between the relationships with
dissolved oxygen at 5 and 30 m result from the exclusion of the
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Table 8. Pearson correlations between zooplankton densities and
selected I imnological parameters in Lake Mead, 1981-1982.
Ascomorpha sal tans
Asplanchna priodonta
Col lotheca sp.
Conochilus unicorn is
Fi 1 i n i a sp.
Hexarthra sp.
Keratella cochlearis
Keratel la earl inae
Keratella gracilenta
Pleosoma sp.
Polyarthra spp.
Syncheata sp.
Tr ichocerca spp.
Total Rot if era
Bosmina longirostris
Daphnia galeata
Daphnia pulex
Diaphanosoma brachy .
Total Cladocera
Copepod naupl i i
Cyclops copepodites
Mesocyclops copepod.
Diaptomus copepodites
Cyclops bicusjjidatus
Mesocyclops edax
Diaptomus ash 1 and i
Diaptomus reighardi
D i aptomus s i c i 1 o i des
Tota 1 Copepoda
Total zooplankton
* = p<0.05
**= p<0.01
Temp05
.063
.242**
.174**
.145**
.130*
,493**
.270**
-.154**
.246**
.380**
-.158**
-.004
.282**
.087
.396**
.170**
-.557**
.142**
-.120*
-.260**
-.338**
.073
-.375**
-.344**
-.056
-.226**
-.086
-.279**
-.296**
-.161**
0005
.032
.001
-.003
-.143*
-.012
-.376**
-.127*
.192**
-.296**
-.278**
.183**
.163**
.059
-.009
-.241**
.012
.411**
-.215**
.154**
.301**
.197**
-.149**
.258**
.366**
-.046
.181**
.026
.107*
.326**
.265**
D030
-.051
.063
-.070
-.110
.042
-.197*
-.186*
.072
-.274**
-.068
.061
.199*
-.110
.055
-.217**
-.253**
.187*
-.268**
-.177*
-.018
.014
-.515**
-.392**
.134
-.376**
-.030
-.232**
-.179*
-.098
-.089
CondPk
-.050
-.064
-.125*
-.1 18*
-.000
-.140**
.097
-.130*
.063
-.190**
.336**
.094
.232**
.214**
-.072
.013
.102*
.059
.287**
.206**
.167**
.027
.164**
.161**
.084
.025**
.163**
.212**
.251**
.493**
Chi a
.025
.233**
.180**
-.194*
.026
.139*
.249**
.033
.191**
.182*
.424**
.436**
.553**
.477**
.276**
.112*
-.319**
.247**
.182**
.131*
-.124*
.049
-.191**
-.169**
-.017
-.209**
-.039
-.191**
.085
.407**
PPR
.045
.326**
.167*
-.145*
.185*
.165*
.335**
-.066
.095
.113
.474**
.471**
.603**
.574**
.282**
.047
-.363**
.112
.126
-.024
-.272**
-.122
-.334**
-.230**
-.114
-.154*
-.111
-.347**
-.062
.481**
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shallow inflow stations from the analyses at the latter depth.
A number of significant relationships existed between zooplankton
densities and peak conductivity (also conductivity at 5, 15 and 30 m).
As noted above the ANOVA indicated significant spatial heterogeneity
in this parameter. Lakewide, conductivities were highest in the inner
Las Vegas Bay and decreased outward Into Boulder Basin. Conductivities
were also high at Virgin Bowl and Muddy Arm and then decreased at Fish
Island and Echo Bay. As a generalization, conductivity was highest
near the inflows, with the exception of the inflow of the Colorado
River, and decreased with distance from these Inflows.
The relationships between zooplankton densities and chlorophyll-a
concentrations and phytoplankton productivity (PPR) were generally
higher than those between zooplankton and the physicochemical
parameters. These relationships suggest that the single greatest
parameter influencing the spatial and, perhaps, seasonal abundances of
zooplankton In Lake Mead was the abundance of phytoplankton. Negative
relationships between zooplankton densities and chlorophyll-a
concentrations and PPR, especially significant ones, occurred with
species that reached maxima during periods of low chlorophyll-a
concentrations (i.e., winter and early spring).
Relationships between zooplankton densities and limnological
parameters during the spring (March-May) again demonstrated the
importance of chlorophyll-a concentrations to zooplankton densities
(Table 9). Relationships with temperature and dissolved oxygen again
reflected seasonal trends. A_. priodonta, B_. longlrostris, (}•£•
mendotae and M. edax were earlier characterized as summer species and
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Table 9. Spearman correlation coefficients for zooplankton versus
selected physicochemical and biological parameters in Lake Mead during
spring (March-May), 1981-1982.
Ascomorpha sal tans
Asplanchna priodonta
Col lotheca sp.
Conochilus unicorn is
Fi 1 i nia sp.
Hexarthra sp.
Ker ate 1 1 a coch 1 ear i s
Keratella earlinae
Keratella gracilenta
Pleosoma sp.
Polyarthra spp.
Syncheata sp.
Trichocerca spp.
Total Rot if era
Bosmina longirostris
Daphnia galeata
Daphnia pulex
Diaphanosoma brachy.
Total Cladocera
Copepod naupl i i
Cyclops copepodites
Mesocyclops copepod.
Diaptomus copepodites
Cycloj>s bicuspidatus
Mesocyclops edax
Diaptomus ash land!
Diaptomus reighardi
Diaptomus siciloides
Tota 1 Copepoda
Total Zooplankton
* = p<0.05
**= p<0.01
TempOS
.116
.422**
.406**
.309**
.140
.217*
.209*
.162
-.135
-.077
.093
.182
1.000**
.277**
.381**
.308**
-.151
.188
.286**
.297**
.046
.540**
-.125
-.058
.299**
-.133
.153
.047
.235*
.268**
D005
-.214
-.316**
-.161
-.320**
-.085
-.168
-.266*
-.005
.015
-.133
.129
.052
1.000**
-.045
-.253*
.040
.188
-.216*
-.126
-.006
.073
-.286**
-.036
.249*
-.085
-.011
-.091
.086
-.013
-.002
D030
-.193
-.085
-.250
-.100
.275
1 .000**
.027
.225
1.000**
-.108
.252
.040
1.000**
.036
-.099
-.233
.200
.052
.081
-.294*
-.014
-.477**
.526**
-.291*
-.469**
.292*
.042
-.027
-.228
-.117
CondPk
-.302**
-.009
-.180
-.299**
-.069
-.097
.196*
-.190
.067
-.135
.437**
.212*
1.000**
.277**
.046
.112
.173
.108
.197*
.290**
.092
.066
.372**
.090
.342**
.274**
.301**
.022
.295**
.299**
Chi a
-.275**
.165
.110
-.096
-.029
-.046
.324**
.206*
.092
-.122
.506**
.528**
1.000**
.490**
.442**
.410**
-.027
.272**
.449**
.555**
.286**
.202*
-.058
.187
.369**
-.179
.140
.065
.482**
.622**
PPR
-.362*
-.019
.051
-.154
..107
-.040
.131
-.116
-.100
-.163
.420**
.373**
1.000**
.406**
.271*
.391**
.048
.133
.364**
.682**
.269*
.304*
.213
.319*
.437**
.154
.134
.135
.629**
.607**
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all exhibited postive relationships with temperature (or negative with
dissolved oxygen), i.e., they a l l became more abundant as spring
progressed. Nonsignificant relationships with temperature occurred
with species that were uniformly rare or uniformly common (ID. p'u I ex
and £.{>. thomasi) during the spring.
Relationships between zooplankton densities and limnological
parameters during the summer are presented in Table 10. Correlations
between rotifers and conductivity, chlorophylI-a and PPR were
generally high w h i l e high negative correlations were the rule for both
the cladocerans and the copepods. These relationships could indicate a
suppression of phytoplankton biomass, during the summer, by cladoceran
and copepod grazing. However, chlorophyll-a concentrations were
highest during the summer and there was a mid-summer depression of
zooplankton densities throughout the lake. An alternative explanation
Is that high fish abundances, In the more productive inflow areas,
deplete the zooplankton, thereby resulting in the observed negative
relationships. Despite the high negative correlations between both the
cladocerans and the copepods and chlorophyll-a and PPR, there was a
high positive relationship between total zooplankton and these
measures. This both reflects the greater relative abundance of
rotifers during the summer and further suggests that the negative
relationships between the cladocerans and copepods and chlorophyll-a
were not a result of grazing.
Relationships between zooplankton densities and dissolved oxygen
at 5 m were for the most part nonsignificant. However, there were a
number of significant negative relationships, especially among the
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Table 10. Spearman correlation coefficients for zooplankton versus
selected physicochemical and biological parameters in Lake Mead during
summer (June-September), 1981-1982.
If
Ascomorpha sal tans
Asplanchna priodonta
Col lotheca sp .
Conochilus unicorn is
Fi 1 i nia sp.
Hexarthra sp.
Kerate 1 1 a coch 1 ear i s
Keratella earl inae
Keratella gracilenta
Pleosoma sp.
Polyarthra spp.
Syncheata sp.
Trichocerca spp.
Total Rot if era
Bosmina longirostris
Daphnia galeata
Dajshnia jjulex
Diaphanosoma brachy.
Total Cladocera
Copepod naupl i i
Cyclops copepodites
Mesocyclops copepod.
Diajstomus copepodites
Cyclops bicuspidatus
Mesocyclops edax
Diaptomus ash land!
Diaptomus reighardi
D i aptomus s i c i 1 o i des
Total Copepoda
Total Zooplankton
* = p<0.05
**= p<0.01
TempOS
-.055
-.090
-.164
.002
-.086
.267**
.063
-.111
.114
.073
.117
-.124
.059
-.024
-.026
-.029
-.127
.081
-.124
-.051
.102
-.007
-.182
-.083
.128
.038
.122
-.087
-.009
-.016
D005
.176*
.014
.059
.058
.082
-.303**
.131
.115
-.377**
-.234*
-.098
-.214*
.296**
.021
-.175*
.101
.138
-.170*
-.089
.004
-.045
-.097
.004
.190*
-.052
-.047
-.197*
.004
.028
.002
D030
.020
.241
.177
.243
.344*
-.217**
-.052
.135
-.522**
.120
-.162
.000
-.123**
.083*
-.559**
-.207
.205
-.353*
-.576**
-.447**
-.063
-.692**
-.003
-.168
-.680**
.148
-.531**
-.132
-.405**
-.439**
CondPk
.125
-.055
.033
.155
.123
-.234**
.286**
-.173*
.263**
-.250**
.309**
.063
.363**
.285**
.159**
-.193*
-.212*
.160
.082
.197*
.179*
-.028
-.087
.104
-.090
-.102
-.101
.045
.200**
.380**
Chi a
.061
.363**
.226*
-.436**
-.118
.209
.143
-.096
.302**
.306**
.674**
.558**
.416**
.553**
.266**
-.292**
-.593**
.408**
.205*
.090
-.210*
.073
-.375**
-.321**
-.093
-.412**
-.270**
-.307**
-.005
.461**
PPR
.314*
.403**
.141
-.276*
.179
.006
.487**
-.054
-.109
.067
.661**
.683**
.653**
.692**
-.035
-.482**
-.409**
.058
-.123
-.142
-.331**
-.419**
-.592**
-.397**
-.382**
-.534**
-.563**
-.594**
.239*
.390**
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crustaceans, with dissolved oxygen at 30 m. Lake Mead develops a
negative heterograde oxygen profile during the summer and zooplankton
respiration has been suggested as a possible cause (Burke 1977). The
negative correlations between zooplankton densities and dissolved
oxygen at 30m are consistent with, but not proof of, this hypothesis.
Relationships between zooplankton densities and the limnological
parameters during the f a l l showed primarily negative correlations
between zooplankton densities and temperature and possibly indicate a
succession, at this time, to more cold tolerant winter species (Table
11). Correlations with conductivity were variable and complicated by
the high f a l l abundances of zooplankton in the upper lake, under the
influence of the Colorado River, which is the one inflow that is not
also a source of high conductivity. The high positive relationships
between rotifer densities and chlorophyl I -a and PPR resulted from the
-<r
f a l l peaks in rotifer abundances which were associated with autumnal
phytopl ankton pulses at the inflow stations.
During the winter, relationships between zooplankton and
temperature and dissolved oxygen did reflect some spatial trends
(Table 12). High negative relationships with dissolved oxygen at 30 m
occurred with species which were most abundant in the upper lake. High
correlations between most zooplankton species and peak conductivity
occurred during the winter indicating greater zooplankton numbers in
the inflow areas. However, correlations between chlorophyl I -a and
Daphnia pulex, the most abundant cladoceran during this period, were
negative, suggesting a reduction of chlorophyl l-a concentrations by
zooplankton grazing. Primary productivity, a rate measurement, rather
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Table 11. Spearman correlation coefficients for zooplankton versus
selected physicochemical and biological parameters in Lake Mead during
f a l l (October-November), 1981-1982.
Ascomorpjia sal tans
Asplanchna priodonta
Col lotheca sp.
Conochilus unicorn is
Fi I i n i a sp.
Hexarthra sp .
Kerate I 1 a coch 1 ear i s
Keratel la earl inae
Keratella gracilenta
P 1 eosoma sp .
Polyarthra spp.
Syncheata sp.
Trichocerca spp.
Total Rot if era
Bosmina longirostris
Daphnia galeata
Daphnia pulex
Oiaphanosoma brachy.
Total Cladocera
Copepod naupl i i
Cyc 1 ops copepodites
Mesocyclops copepod.
Diaptomus copepodites
Cyclops bicuspidatus
Mesocyclops edax
Diaptomus ash t and!
Diaptomus reighardi
Diaptomus siciloides
Total Copepoda
Total Zooplankton
* = p<0.05
**= p<0.01
Temp05
-.240*
-.391**
-.084
.262**
1.00**
.137
.152
.148
.121
-.090
-.336**
-.182
1.000**
-.068
-.020
.126
-.403**
.568**
-.097
-.212
-.025
.198
-.375**
.077
.010
-.086
-.023
-.221
-.175
-.178
D005
.247*
.502**
.164
-.505**
1 .000**
-.232*
-.043
.010
.388**
.298*
.494**
.481**
1.000**
.280*
.379**
.089
-.061
-.306*
.326*
.304*
-.005
.052
.012
-.287*
.054
-.041
.115
-.149
.211
.409**
D030
.098
.026
.143
-.064
1.000**
-.211
-.336
-.211
-.459*
.196
.166
.206
1.000**
-.389*
-.423**
-.676**
.565**
-.575**
-.322
-.054
-.004
-.523**
.034
.198
-.245
.029
-.168
-.212
-.211
-.324
CondPk
.153
-.013
-.060
-.181
1.000**
.016
.235
-.306*
.152
-.302*
.195
.030
1.000**
.049
.011
-.233
-.075
-.045
.193
.081
.184
-.227
.034
-.143
-.241*
-.277*
-.333*
.211
-.024
.228
Chi a
.183
.521**
.294*
-.435**
1.000**
1.000
.283*
.223
.570**
.227
.619**
.532**
1 .000**
.608**
.472**
.188
-.445**
.101
.554**
.563**
-.368**
.356**
-.024
-.771**
.110
-.218
.363**
-.373**
.410**
.687**
PPR
.304
.413*
-.205
-.191
1.000**
.076
.206
.121
.529**
-.137
.687**
.302
1 .000**
.661**
.364*
.179
-.398**
-.054
.707**
.268
.535**
.144
.106
-.775**
.092
-.052
.072
-.103
.105
.709**
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Table 12. Spearman correlation coefficients for zooplankton versus
selected physicochemical and biological parameters in Lake Mead during
winter (December-February), 1981-1982.
Ascomorpha sal tans
Asplanchna priodonta
Col lotheca sp.
Conochilus unicorn is
Fi 1 i n i a sp.
Hexarthra sp.
Keratella cochlearis
Keratel la earl inae
Keratella gracilenta
Pleosoma sp.
Polyarthra spp.
Syncheata sp.
Trichocerca spp.
Total Rot if era
Bosmina longirostris
Daphnia galeata
Daphnia pulex
Oiaphanosoma brachy.
Total Cladocera
Copepod naupl i i
Cyclops copepodites
Mesocyclops copepod.
Diaptomus copepodites
Cyclops bicuspidatus
Mesocyclops edax
Diaptomus ash land!
Diaptomus reighardi
Diaptomus siciloides
Total Copepoda
Total Zooplankton
* = p<0.05
**= p<:0.01
Temp05
.056
-.286*
.325*
.382**
1.000**
1.000**
-.292*
-.494**
-.051
.071
.348**
-.095
1.000**
.104
-.338**
-.467**
.003
-.450**
-.153
-.090
-.180
.024
.085
-.123
.211
.213
-.099
.118
-.034
-.020
D005
.215
.237
-.227
.040
1.000**
1.000**
1 .000**
1.000**
.051
-.232
-.173
-.279
1 .000**
-.266
-.036
.340*
.194
.314*
.257
.164
.307*
.073
.262
.247
-.076
.061
.185
.261
.238
.143
D030
.188
-.225
-.598**
-.181 .
1.000**
1.000**
1.000**
1.000**
1.000**
-.053
-.371
-.407*
1 .000**
-.487*
-.448*
-,138
.520*
.188
.488*
.463*
.569**
.326
.284
.616**
.029
.148
.345
.121
.471**
.225
CondPk
-.067
-.357**
-.056
-.073
1.000**
1 .000**
-.167
-.311*
.215
-.111
-.008
.440**
1 .000**
-.255*
-.354**
-.146
.471**
-.004
.418**
.453**
.464**
.233
.677**
.561**
.322*
.273*
.293*
.614**
.593**
.455**
Chi a
-.164
.391**
-.049
-.226
1.000**
-.087
.279*
.396**
.205
-.049
.021
.600**
1.000**
.427**
.542**
.401**
-.202
.323*
-.009
.157
-.164
.035
-.245*
-.166
-.124
-.313*
-.019
-.260*
-.037
.116.
PPR
-.131
.227
.082
-.121
1.00**
-.060
-.216
. 1 1 1
1 .000**
-.086
.304
.172
1 .000**
.391**
.317
.059
.219
.099
.257
.379*
.170
.390
.527**
.131
.326*
.118
.170
.426*
.458**
.477**
mill)
mill :
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than a standing crop measurement as is chlorophyll-a, was positively
related with cladoceran and copepod numbers, supporting the
interpretation that chlorophyll-a concentrations, especially in the
inflow areas, are depressed by .(crustacean) zooplankton during the
winter.
These correlations are based on data from 13 stations throughout
Lake Mead during 1981-1982. To reduce spatial variation and assay the
r e l i a b i l i t y of these relationships over a longer period of time,
correlations between log normalized zooplankton densities and these
same limnological parameters were conducted using data from three
stations in Boulder Basin (inner Las Vegas Bay, m i d d l e Las Vegas Bay
and Boulder Basin) for the period 1977-1982. Results of the annual
analyses are presented in Table 13. These analyses showed the same
trends which were apparent in the lakewide analyses, suggesting that
the relationships described above are not peculiar to the two year
period of this study.
.'I!
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Table 13. Pearson correlations between zooplankton densities and
selected limnological parameters in Boulder Basin, 1977-1982.
Asplanchna priodonta
Kerate 1 1 a coch 1 ear i s
Polyarthra spp.
Syncheata spp.
Total Rot if era
Bosmina longirostris
Daphnia galeata
Daphnia pulex
Diaphanosoma brachy.
Total Cladocera
Copepod naupl i i
Cyclops copepodites
Mesocyclops copepod.
Diaptomus copepodites
Cyclops bicuspidatus
Mesocyclops edax
D haptomus s i c i 1 o i des
Total Copepod a
Tota 1 zoop 1 ankton
* = p<0.05
**= p<0.01
Temp05
.301**
.410**
-.088
.218**
.222**
.544**
.083
-.419**
.343**
-.283**
-.253**
-.455**
.046
-.403**
-.447**
-.071*
-.350**
-.363**
-.231**
D005
.171*
-.108
.111
.063
.009
-.087
.317**
.168*
-.205**
.327**
.145*
.293**
-.132*
.209**
.412**
-.077
.047
.270**
.305**
DO 30
-.016
-.380**
.149
-.118
-.072
-.590**
-.245**
.378**
-.557**
.038
.113
.276**
-.508**
.319**
.319**
-.491**
.029
.248**
.226**
CondPk
.085
.077
. 330**
.302**
.330**
.119
.180*
-.050
.037
.283**
.081
-.007
-.099
-.049
.005
-.066
.025
.039
.495**
Chi a
.127
.156*
.307**
.535**
.411**
.260**
.025
-.269**
.289**
-.063
-.032
-.324**
-.179*
-.237**
-.324**
-.266**
-.336**
-.173*
.154*
PPR
.422**
.315**
.292**
.581**
.470**
.382**
.214**
-.386**
.104
.011
-.171*
-.130
-.221**
-.247**
-.112
-.273**
-.391**
-.173*
.204**
111!
Hn "'!
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DISCUSSION
Zooplankton Community Structure and Seasonal Ity
The limnetic zooplankton community of Lake Mead was dominated by
species which are commonly found to be major constituents of limnetic
zooplankton communities throughout North America (Carter 1971; Pennack
1957; W i l l i a m s 1966). Pennack (1957) reported that the most common
zooplankton genera in North America were Asplanchna, Conoch11 us,
F i I inia, Ke I I icottia, Keratella, Polyarthra and Syncheata (rotifers);
Bosmlna, Ceriodaphnia, Chydorus, Daphnia and Diaphanosoma
(cIadocerans); and Cyclops, Mesocyclops and Diaptomus (copepods).
Members of each of these genera were present In Lake Mead and included
among them were the most abundant zooplankton species in the
reservoir.
The major components of the limnetic zooplankton community of
Lake Mead exhibited seasonal patterns of abundance, which with slight
local variations, were relatively predictable during the period of
this study. Rotifer densities were usually greatest In the spring,
during this period, Syncheata sp. reached an annual maximum and was
the most abundant rotifer species throughout the reservoir. In the
late spring and early summer, Asplanchna priodonta and Keratella
cochI ear is reached annual maxima and were the predominate species.
Rotifer densities were low through the summer and then increased again
In the late summer-early fail. ConochII us unicorn Is, Hexarthra sp., j<.
I! I
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gracllenta, PIeosoma sp. and TrIchocerca spp. were characteristic of
this period. K. gracllenta, Hexarthra sp. and PIeosoma sp. were common
to abundant in the upper reservoir, w h i l e ]<. gracllenta and
Trichocerca spp. were among the most abundant species in Boulder Basin
and Las Vegas Bay. Later in the f a l l , Syncheata sp. and Polyarthra
spp. reached secondary and annual maxima, respectively, and were the
dominant rotifer species throughout the reservoir. These two species
groups, while not as abundant as during the fall, were usually the
most common rotifers in the winter.
Seasonal changes in the abundances of rotifer species have been
linked to a number of factors (Dumont 1977); however, the most
important of these appear to be food a v a i l a b i l i t y , water temperature
(Dumont 1977; Edmondson 1965; Hutchinson 1967; Moore 1978; Pennack
1957) and emergence from diapause (Burke 1977). In general, rotifers
exhibited high positive relationships with chlorophyll-a
concentrations in Lake Mead. These relationships were at least
partially due to spatial heterogeneity in rotifer densities and
chlorophyll-a concentrations. However, lakewide, rotifer densities
were consistently greatest during the spring and f a l l , coincident with
maxima in chlorophyll-a concentrations.
The abundances of several Lake Mead rotifers (Asplanchna
prlodonta, KeratelI a cochlearis, J<. gracilenta, among the more common
species) were h i g h l y positively correlated (p<0.01) with water
temperature and these species were most abundant in the summer and
fa I I months. Abundances of Polyarthra spp. and Keratella earlinae were
Inversely related to temperature and these species were most abundant
inn
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in the fal I -winter-spring. These observations suggest a relationship
between water temperatures and seasonal abundances of these species.
However, comparisons of the seasonal patterns observed during this
study with those observed in previous studies of the Lake Mead
zooplankton (Burke 1977; Everett 1972; Paulson et al . 1980) show that
most of the common species are variable in their seasonal occurrences
and may become abundant at any time of the year. For example, A.
pr iodonta was primarily a summer species during this study; Burke
(1977) and Paulson et al. (1980) found A_. pr iodonta to reach maxima in
the spring-summer and winter in Lake Mead and, in Lake Mohave, Paulson
et al . found A_. pr Iodonta to reach its greatest abundance in the
winter. Simi l a r variation has been noted for Col lotheca sp., j<.
cochlear is and Polyarthra spp. During this study alone, Syncheata sp.
was found to reach maxima In the spring at Gods Pocket and Iceberg
Canyon, in the winter in Boulder Basin and in the spring and summer in
the inner Las Vegas Bay. Such extreme variability in seasonal ity
discounts the possible role of temperature in regulating the seasonal
abundances of these species. This variability may Indicate the
presence of genetically distinct clonal strains, each with its own
thermal optimum for increase (King 1972; Snell 1979). However,
temperature would then explain only clonal, but not species,
successions.
Burke (1977) made several observations on the occurrence of
rotifer resting eggs which suggest that emergence from diapause may be
an important factor in regulating the seasonal abundances of several
Lake Mead rotifers. Burke reported the appearence of resting eggs of
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Syncheata sp. In the plankton In October-November, following the
breakdown of thermal stratification and suggested that turbulence
associated with overturn may have resuspended these resting eggs, from
the lake bottom, and stimulated development and hatching. An increase
in the abundance of Syncheata occurred throughout Lake Mead in
1981-1982 following the breakdown of thermal stratification. Burke
(1977) also found resting eggs of Poiyarthra In zooplankton samples
collected in April, 1976, and found apterus ind i v i d u a l s during April
and May, 1976. The apterus form is characteristic of ind i v i d u a l s
hatched from resting eggs. The appearence of these individuals closely
preceeded a May maximum in Poiyarthra numbers-(Burke 1977).
The coincidence in the timing of emergence from resting eggs and .
the development of large rotifer populations, based on Burke's (1977)
observations, suggests that hatching of resting eggs, In Lake Mead, is
timed to occur when conditions are favorable for rapid population
growth. Such timing would be under genetic control, representing an
adaptation by these rotifers to specific conditions in the reservoir.
Hatching of these resting eggs is likely cued to an evironmental
factor(s) that undergoes a regular annual cycle. Light Intensity,
photoperiod, water temeprature and concentrations of dissolved gases
would seem to be appropriate enviromental cues and these factors have
been associated with emergence of various zooplankton, including
rotifers, from diapause (Hutchinson 1967; Stress 1966; Watson and
Small man 1971; Wetzel 1975).
The cladocerans showed a general pattern in which Daphnla pulex
reached an annual maximum in, and was • dominant specl •ing,
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winter and early spring. In mid-spring, £. pulex was succeeded by D.
galeata mendotae as the numerically dominant species. £.g_. mendotae
was generally replaced by Bosmina longirostris as the most abundant
cladoceran species in early summer. As with the rotifers, cladoceran
abundances were generally depressed through the summer. In the f a l l ,
coincident with autumnal phytoplankton pulses, £.£. mendotae reached a
secondary or annual maximum, depending upon location, and again became
the dominant cladoceran. Both Diaphanosoma brachyurum and ID. parvuI a
were occassionalIy dominant, for short periods, during the f a l l . This,
general successional pattern was exhibited throughout the reservoir,
except at stations in close proximity to the Las Vegas Wash and
Virgin, Moapa, and Colorado river inflows. At these stations, B_.
longirostr is dominated the cladoceran community throughout most of the
year, 2-g_. mendotae was occassionally numerically dominant in the
early spring; [3. pulex was uncommon, but was most abundant in the
winter.
Seasonal successions between cladocerans are related to the same
diversity of factors as are successions between rotifer species. These
successions are most commonly related to predation (Applegate and
Mu l l a n 1969; Hall 1964; Wright 1965), phytoplankton abundance or
composition (De Bernard) 1974); Gl iwicz 1977, 1980; H a l l 1964) and
water temperature (Allan 1977; H a l l 1964). Daphn i a puI ex was generally
the.most abundant cladoceran in Lake Mead during the winter. This
period was characterized by low chlorophyll-a concentrations and low
fish abundances. Brooks and Dodson (1965) suggested that larger
zooplankton species are most efficient at collecting and u t i l i z i n g
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phytoplankton and that these larger species should dominate smaller
related species when (fish) predatlon is not Intense. In the deep
basin stations of Lake Mead, D. pulex was generally the dominant
•
cladoceran through mid-spring at which time It was replaced by £•£•
mendotae as the dominant species; by summer B_. longirostris was
usually the numerically dominant cladoceran. In the shallow inflow
stations, £. pulex was replaced by £.£. mendotae for only a short time
in the spring before B. longirostris became the dominant cladoceran.
A number of hypotheses can be advanced to explain the replacement
of [). pulex by £.£• mendotae, but most can be logically excluded.
Phytoplankton abundance (chlorophyll-a) increased during the spring so
that food limitation can be eliminated as the cause of this
replacement. The succession from the larger [). pulex to the smaller
[).£. mendotae would seem to suggest fish predation as a probable
cause. Albert and Baker (1983) described the stomach contents of
striped bass (Morone saxatiI is) from Lake Mead and noted the first
occurrence of young-of-year threadfin shad, the principle forage of
striped bass, was In June and July in 1981 and 1982, respectively. The
sizes of these threadfin shad indicate that spawning had occurred in
late May-early June in both years. Thus, the onset of spawning by
threadfin shad occurred after the replacement of D. pulex, by JD.£.
mendotae, was completed.
Gliwicz (1977, 1980) and Webster and Peters (1978) found that
phytoplankton communities dominated by filamentous species favored
smaller cladocerans over larger species. Spring and summer blooms of
filamentous phytoplankton species are a common occurrence in many
I
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lakes (Hutchinson 1967); however, the phytoplankton community of Lake
Mead is dominated by small, easily grazed species during the spring
(Paulson et a I. 1980) so that this mechanism may also be excluded.
A l l a n (1977) studied seasonal successions between a number of
cladocerans including two species of Daphnia (13. parvula and D_-
amblgua), Bosmina longirostris and Cerlodaphnia quadrangula and found
that successions between these species could be explained by the
effects of water temperature on birth rates. Abundances of these
species varied as ambient water temperatures neared experimentally
determined thermal optima for egg development in each species. Similar
differences in thermal optima for reproduction by D. puI ex and D_-2-
mendotae appear to be the most plausible explanation for the
succession between these two species In Lake Mead. The consistent
negative correlations between the abundance of D_. pulex and water
temperatures may support this explanation.
The succession from D.g_. mendotae to B. longirostrIs, coincided
with the spawning season of threadfin shad in Lake Mead. Following
spawning, young-of-year shad are abundant in the Inflow areas and are
usually common in the main basin areas. ZoopIankton, especially
cladocerans, form a major portion of the diet of young threadfin shad
(Applegate and MulIan 1969; Ki l a m b I and Barger 1975). Applegate and
Mul l a n (1969) observed a succession between Daphnia and B_.
longirostrIs, similar to that observed in Lake Mead, and suggested
that predation by young-of-year threadfin shad was responsible for the
succession. The importance of predation by threadfin shad In driving
this succession in Lake Mead Is further indicated by comparison of the
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results of zooplankton collections made In 1980 (Paulson unpubl.) with
results of this study. Threadfin shad populations were minimal
throughout Lake Mead in 1980 as indicated by echo-grams; during the
summer of 1980, both D.£. mendotae and D. pal ex remained common (the
former was the more abundant) w h i l e B. I ong I rostr is was rare during
the summer of that year. In 1981 and 1982, threadfin shad abundances
were higher that in 1980 and B. I ong 1 rostr I s succeeded both Daphnla
species In, and was the dominant cladoceran during, the summer.
Increases In cladoceran densities In the f a l l , In Lake Mead, were
associated with autumnal phytoplankton pulses. In 1981 and 1982, £.£.
mendotae replaced B. I ong I rostr is as the dominant cladoceran at this
time, except in the Inflow areas. The cause of this succession is not
clear but it may be related to changes in the intensity of fish
predation. Threadfin shad generally become less abundant in the late
summer; this change is not apparent in the echo-gram data since the
data are not specific for threadfin shad.
Copepod densities were greatest during the spring in Lake Mead
and, during this season, nauplii dominated the copepod community.
Cyclops blcuspidatus thomasi reached an annual maximum in the spring
at which time it was the dominant species. Mesocyclops edax became the
dominant cyclopoid in the summer and generally reached its annual
maximum in the late summer and fall in the upper portion of Lake Mead
and In the spring in the lower half of the reservoir. The four
Dlaptomus species were relatively uncommon throughout the upper lake
and reached their greatest abundances in the Inner Las Vegas Bay.
Lakewlde, D_. ash I and I, D. clavlpes, D. relghardi and D_. sicl loldes
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were most common in the late winter and early spring.
Seasonal abundances and successions between Lake Mead copepods
appeared to be related to food a v a i l a b i l i t y and entrance into and
emergence from diapause. Successions between the Diaptomus species
were not regular so that no pattern can be deduced; however, £.b^ .
thomasi and M. edax exhibited complementary life-cycles. Adults of
C.tK thomasi were most abundant In the late winter and spring w h i l e
adults of M. edax were generally most common in the summer and fall.
Both £.b_. thomasi and M. edax reproduced In the spring, but adults and
copepodites of the former were more abundant. In early summer, as the
lake began to stratify, it appeared that a portion of the C.b_. thomas!
population entered into diapause (in the IVth copepodite instar) and
that M. edax emerged from diapause (IVth copepodite instar). Entrance
into, and emergence from, diapause by these two copepods is inferred
from changes in copepodite counts and the appearence or disappearence
of the appropriate copepodite Instars. M. edax was the dominant
copepod throughout the summer; in the f a l l , apparently in association
with the breakdown of thermal stratifIclation, there was an emergence
from diapause of C_.b_. thomasi copepodites and an entrance into
diapause by M. edax copepodites. Burke (1977) has suggested a s i m i l a r
pattern of copepod seasonal Ity in Lake Mead and has also noted the
apparent importance of diapause In seasonal successions of these
copepods. Similar patterns have also been reported by Carter (1974)
for these two species. Watson and SmalIman (1971) found that induction
and termination of diapause In cyclopoid copepods was mediated by
water temperature and photoperiod; it Is l i k e l y that one, or both, of m
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these factors is responsible for the Induction and termination of
diapause in C.b_. thomasi and M. edax in Lake Mead.
Horizontal Abundance and Composition
of the Zooplankton
Zooplankton abundances and species composition in Lake Mead
followed two predictable and biologically meaningful spatial trends.
The first trend was for greater zooplankton densities at, and near,
the inflow stations with decreasing densities away from these inflows.
The second trend was toward a greater relative (and absolute)
abundance of smaller zooplankton species (i.e., rotifers and Bosmina
longirostris) at these same inflow stations. Gradients in
physicochemical parameters can be ruled out as the causative factors
since there was no significant spatial heterogeneity in most
(temperature, dissolved oxygen concentrations, pH) and the one
physicochemical factor which did exhibit a significant spatial
heterogenity (conductivity) is identifiable as a conservative,
relative measure of nutrient concentrations at three of the four
inflows to Lake Mead. Hydrodynamic effects such as entrainment and
flushing may also be ruled out since there is little inflow from the
Virgin and Moapa rivers and the Las Vegas Wash.
Of the limnologlcal variables examined, only measurements of
phytoplankton (chlorophyll-a concentrations and PPR) and fish
(echo-grams) abundances showed significant (p<0.01) spatial
heterogeneity which can be related to the observed heterogeneity in
the limnetic zooplankton community of Lake Mead. Zooplankton
densities, chlorophyll-a concentrations and fish abundances exhibited
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similar spatial trends: abundances were greatest near the four inflows
and progressively declined with distance from these inflows.
The Colorado, Moapa and Virgin rivers and the Las Vegas Wash
represent sources of nutrient loading into Lake Mead (Paulson et al.
1980). Paulson and Baker (1983) reported that the Colorado River
contributed 63 and 84$ of the total phosphorous inputs to Lake Mead in
1981 and 1982, respectively; the Virgin River and Las Vegas Wash were
lesser, but still significant sources of phosphorous loading during
this period. Paulson and Baker also found that the Colorado River
contributed 86% of the total nitrogen input to the lake in 1981-1982,
Las Vegas Wash contributed approximately 10$ and the Virgin River
3-5$. In terms of phosphorous and nitrogen loading, the Moapa River is
insignificant, however, it does represent a local source of both
nutrients. The extent of the influence of these inflows on
chlorophyll-a concentrations and zooplankton densities varied with the
nutrient loads of these inflows. Comparisons of chlorophyll-a
concentrations and zooplankton densities, between stations, suggest
that the influence of the Colorado River may extend downlake as far as
Temple Bar; enrichment effects of Las Vegas Wash may be seen out into
Boulder Basin; and the relatively low nutrient loading by the Virgin
and Moapa rivers does not appear to enrich the phytoplankton and
zooplankton beyond the Immediate areas of the inflows.
McCauley and Kalff (1981) demonstrated an empirical relationship
between zooplankton and phytoplankton standing crops; data compiled
from a number of lakes showed that there was a positive and
statistically significant relationship between zooplankton and
S
82
phytoplankton biomass estimates. A similar relationship can be
demonstrated in Lake Mead. Mean annual total zoopIankton densities and
chlorophyll-a concentrations were directly related in Lake Mead, up to
chlorophyIl-a concentrations of 5.3 ug I ; at this concentration,
there appeared to be a point of inflection beyond which increased
chlorophyIl-a concentrations did not result in proportionately
increased zoopIankton densities. McCauley and Kalff also noted that
with increased phytoplankton abundances, the relationship between
zoopIankton and phytoplankton biomass was no longer direct. They
suggested that the dominance of bluegreen and other filamentous algae,
characteristic of more fertile waters, was responsible. Many of these
algal forms are believed to be either toxic to zooplankton or merely
inadequate forage for optimum growth or reproduction (Porter 1977).
Filamentous and bluegreen algae are present in Lake Mead and are
proportionately most abundant in the more productive areas of the lake
(Paulson et al. 1980; Staker et al . 1974); the abundances of these
forms are not, however, especially high.
McCauley and Kalff (1981) did not present any information on the
composition or abundances of the fish communities of their study
lakes. In Lake Mead, fish abundances were greatest in areas of high
chlorophyIl-a concentrations. Similar relationships between fish
abundances and chlorophyll-a concentrations in reservoirs have been
reported by Rinne et al. (1981). The Lake Mead fish community is
dominated by threadfin shad (Allan and Roden 1978); Orenner at al.
(1982) estimated that the gizzard shad ([)• cepedianum) populations of
Bark ley and Patten lakes, two midwestern reservoirs, were capable of
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filtering a volume of water equivalent to the volume of these lakes in
56 and 130 hours, respectively. A comparable impact by threadfin shad
in Lake Mead, especially in the area of inflows, would result in low
zooplankton abundances, despite high chlorophyll-a concentrations. The
magnitude of this effect should be greatest in the mid-summer when the
threadfin shad population is at its greatest development. This is
apparently the case in Lake Mead, particularly in the inner Las Vegas
Bay. Threadfin shad spawned in late May-early June in 1981-1982 and by
July cladocerans and copepods were virtually absent from the inner Las
Vegas Bay. Cladocerans and copepods were also rarefied at other inflow
stations and to a lesser extent in the basin stations.
Historical Changes in Zooplankton Abundances
and their Relationship to the
Lake Mead Fi shery
Prior to 1963, nitrate loading into Lake Mead, via the Colorado
River, was highly variable and was related to run-off of the river
(Prentki et al. 1981). Following the impoundment of Lake Powell, in
1963, nitrate loading into Lake Mead showed a slight increase through
the mid- and late 1960°s. There has been a steady decline in nitrate
loading, by the Colorado River, into the lake since 1970. No
comparable data for phosphorus loading are available, but it is
probable that it has followed a general historical pattern similar to
nitrate loading.
Measurements of chlorophyll-a concentrations were first made in
Lake Mead, in 1968 (Hoffman et al. 1971) and since that time there has
been a steady lakewide decline in chlorophyll-a concentrations which
!*»'
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parallel the recent decline in nitrate loading described above
(Paulson unpubl.). Zooplankton densities in Lake Mead exhibited
significant positive relationships with chlorophyll-a concentrations
;
in both the lakewide data, for 1981-1982, and in Boulder Basin-Las
Vegas Bay, for 1977-1982; these relationships suggest that if a
decline in chlorophyll-a concentrations has occurred, there should
have been a corresponding decrease in zooplankton densities.
Compliation of the results of studies by Everett (1972), Burke (1977),
Paulson et a I . (1980) and this study clearly show that a substantial
decrease in zooplankton densities in Lake Mead has occurred. Between
1971 and 1980, mean annual zooplankton densities in Boulder Basin (the
best documented station) have declined by approximately 90$ (Figure
27). Zooplankton densities have declined throughout the lake,
especially in the basin areas (Boulder, Virgin, Temple and Gregg
basins and Echo Bay). Declines in zooplankton densities have been less
dramatic at the inflow stations where the proximity of the inflows
and, therefore, a source of nutrient enrichment has prevented more
substantial declines. Only in the inner Las Vegas Bay, which is
enriched by sewage effluent, have zooplankton densities remained
fairly constant in recent years.
Following impoundment in 1935, Lake Mead supported a nationally
recognized Iargemouth bass sport fishery. Fishing success declined in
1940 and anglers complained that the fish had lost their "gameness",
but the fishery improved following a very successful spawn in 1941
(Moffett 1943). Through the 1940's and 1950's the quality of the
fishery alternately improved and declined; fishing success was best in
(
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the years following high runoff from the Colorado River (Hoffman and
Jonez 1973; Moffett 1943). Since the impoundment of Lake Powell, in
1963, and related changes In nutrient loading by the Colorado River,
the Lake Mead largemouth bass fishery has steadiIy 'dec I ined (Prentki
et al. 1981).
Discussions of changes in the Lake Mead fishery have generally
emphasized relationships between successful largemouth bass
A
reproduction and (prgir to 1963) high runoff from the Colorado River
or (since 1963) rising water levels during the spawning season (Allan
and Roden 1978; A l l a n and Romero 1975; Hoffman and Jonez 1973; Jonez
and Sumner 1954). High runoff from the river stimulated productivity
in the lake and increased the survival of young bass (see Mpffett
1943), w h i l e rising water levels have been cited as increasing the
availability of cover for young bass. The spatial heterogeneity in
phytoplankton (chlorophyIl-a), zooplankton and fish abundances in
1981-1982 suggest a causal relationship between nutrient loading and
productivity (of phytoplankton, zooplankton and fish) in Lake Mead.
This relationship, in turn, suggests that high runoff (and associated
nutrient loading) by the Colorado River, prior to 1963, did stimulate
phytoplankton and zooplankton productivity in Lake Mead and that the
magnitude of this nutrient influx was related to the success of
reproduction by largemouth bass. The relationship between rising water
levels (since 1963) and successful largemouth bass reproduction is,
however, tenuous at best (Prentki et al. 1981; Morgansen 1982) and is
a heritage of the pre-PowelI era when rising water levels were
associated with a nutrient influx.
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The importance of zooplankton as forage for young-of-year game
and forage fishes is well documented. Zooplankton have been found to
be important dietary items for threadfin shad, the predominant forage
;
fish, and Iargemouth bass in Lake Mead (Baker and Burke 1976; Deacon,
Paulson and Mi nek ley 1971; Greger and Baker 1980; Keenan and Baker
1978; W i l d e and Baker 1981; Youngs 1983). Reductions in zooplankton
densities In Lake Mead have probably had some effect on the early
survival and growth of fish in the lake; however, extensive dietary
analyses of young-of-year Iargemouth bass have not shown any
indication of food limitation in Lake Mead.
The rather substantial decreases that have occurred in the
abundances of zooplankton and phytoplankton in Lake Mead have very
l i k e l y had some effect upon the survival of young largemouth bass (and
other fish as well). As noted above, studies of the food habits of
young largemouth bass have failed to indicate food limitation.
However, these studies may be unintentionally biased. Laurence (1972)
found that young largemouth bass deprived of food for only a few days
were less active than were fed fish and tended to stay near the bottom
of the experimental aquaria. If a similar behavior occurs in the w i l d ,
young largemouth bass collected for dietary studies in Lake Mead may
have included only well fed fish. Fish collected for these studies
were collected by SCUBA divers and more active (better fed) fish would
probably attract the attention of the divers to a greater extent than
would less active individuals.
If declines in the densities of limnetic zooplankton populations
are to be related to changes in littoral (largemouth bass) fish
1
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populations a mechanism relating limnetic and littoral events must be
established. Youngs (1983) presented zooplankton data for four coves
in the Virgin Basin area which were located near my Virgin Basin
station. Contemporary samples from the littoral and limnetic areas
were taken in March-August, 1980. The littoral zooplankton community
was largely composed of the same species found in the open water.
Furthermore, zooplankton densities in both the littoral and limnetic
areas were comparable and showed similar trends in abundance.
Zooplankton densities were slightly higher in the coves from March
through May, but from June-August zooplankton densities were higher in
the limnetic area. The higher littoral zooplankton densities during
the spring preceeded spawning by threadfin shad, Iargemouth bass and
other fishes. Following spawning by these fishes, young-of-year fish
are often very abundant in the littoral area through the summer.
Considering the abundance of threadfin shad in the littoral areas of
Lake Mead and their mode of feeding, threadfin shad, in conjunction
with other fishes, should be able to remove virtually a l l zooplankton
from the littoral area in a relatively short time. However,
zooplankton are found to persist through the summer in this area
(Youngs 1983). It is obvious that some mechanism for replenishment of
the zooplankton, in the littoral area, is operative. During the spring
and summer Lake Mead is almost continually buffeted by southwesterly
winds. Transport of limnetic zooplankton into the littoral zone,
effected by wind-generated wave action, may serve to replenish
littoral zooplankton densities (George and Heaney 1978; Hart 1978).
The coupling of limnetic and littoral events suggests that
T
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declines in limnetic (zooplankton) productivity in Lake Mead are
indicative of comparable declines in littoral zooplankton abundances.
Survival of young largemouth bass has historically been related to
productivity in the lake (Moffett 1943; Hoffman and Jonez 1973) so it
is very l i k e l y that the recent (post-1970) declines in zooplankton
abundances in Lake Mead have been associated with lowered survival of
young largemouth bass.
Summary
The seasonal abundances of the dominant zooplankton groups and
species, in Lake Mead, were related to chlorophyll-a concentrations.
Generally, both chlorophyll-a and zooplankton densities reached annual
maxima in the spring with a lesser maximum in the f a l l . Seasonal
successions among the rotifers, cladocerans and copepods were
superimposed upon this response; other factors which appeared to
influence seasonal successions were, possibly, water
temperatures(Dap_hjT_i_a pulex and D. galeata mendotae), predation by
pianktivorous fish (Daphnia spp. and Bosmina longirostris) and
entrance into, and emergence from, diapause (Cyclops bicuspidatus
thomasi, MesocycI ops edax, and some rotifers).
Spatial abundances of the major zooplankton groups were related
to spatial gradients in chlorophyll-a concentrations which resulted
from nutrient loading by tributary streams. Parameters such as water
temperature, dissolved oxygen concentrations, pH and conductivity were
demonstrated to be unimportant in patterning the spatial abundance of
zooplankton in the reservoir.
The clear relationship between the seasonal and spatial
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abundances of chlorophylI-a and zooplankton suggests that if
chlorophyIl-a concentrations were raised or lowered in the reservoir,
a corresponding change in zooplankton densities should occur.
Compliation of historic chlorophyll-a data by Paulson (unpubl.) shows
that chlorophyll-a concentrations have declined in Lake Mead since the
1960*s. A similar change in zooplankton densities, during this same
period, was demonstrated by Figure 27. It is clear that phytoplankton
production in Lake Mead is the single most important factor regulating
the seasonal, spatial and temporal abundances of zooplankton in the
reservoir.
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